Abstract The serotonin transporter promoter length polymorphism (5-hydroxytryptamine transporter length polymorphism; 5-HTTLPR) has long been implicated in autism and other psychiatric disorders. The use of selective serotonin reuptake inhibitors (SSRIs) has a positive effect on treating some symptoms of autism. The effects of these drugs vary in individuals because of the presence of the S or L allele of 5-HTTLPR. Studies performed on various autistic populations have found different allele frequencies for the L and S alleles. Allele frequencies and genotypes of the South African autistic populations (African, mixed, and Caucasian) were compared with matching South African ethnic control populations. The *S/*S genotype was found to be highly significantly associated with all the South African autistic ethnic populations. In the South African African population the *S/*S genotype was present in 7 (33%) of the autistic individuals but in none of the control subjects, yielding infinitely large odds of developing autism. The odds of developing autism with the *S/*S genotype compared to the *L /*L genotype increased 10.15-fold in the South African mixed group and 2.74-fold in the South African Caucasian population. The allele frequency of the South African autistic population was also compared with studies of other autistic populations around the world, and highly significant differences were found with the Japanese, Korean, and Indian population groups. The difference was not significant for the French, German, Israeli, Portuguese, and American groups. This is the first South African study of autistic individuals of different ethnic backgrounds that shows significant differences in allele and genotype frequencies of 5-HTTLPR. The results of this study open new avenues for investigating the role of transmission of the L and S alleles in families with autism in South Africa.
Autism is a severe disorder of communication and behavior that develops before the age of 3 years. This disorder affects some children from birth or infancy and leaves them unable to form normal social relationships or to develop normal communication skills. The incidence is approximately 1 in 150, and autistic males outnumber females by 4 to 1 (Landa 2008) . The unofficial estimated number of South African individuals affected with autism was 270,000 in 2007 (http://www.autismsouthafrica.org). Individuals who have a number of neurogenetic disorders, such as fragile X syndrome, Tourette syndrome, and tuberous sclerosis complex, exhibit some autistic behavior (Choi et al. 2008; Muhle et al. 2004) .
Studies thus far have not conclusively shown the cause of autism; however, it does seem that a combination of several factors can cause autism. Twin studies have indicated that a strong genetic etiology exists for autism (Muhle et al. 2004) . Identical, or monozygotic (MZ), twins share 100% of their genetic material, and nonidentical, or dizygotic (DZ), twins share only 50% of their genetic material. If one MZ twin has autism, then there is a 60% chance that the other will also be affected, compared to 0% in the case of DZ twins (Muhle et al. 2004 ). However, for broader autism phenotypes that include communication skills and social disorders, an increase in concordance of 60-92% in MZ twins and up to 10% in DZ twins has been observed (Muhle et al. 2004) .
Neurochemical and neuroendocrine studies suggest that the serotonin transporter gene (SERT) (SLC6A4, MIM 182138) likely plays a role in autism and thus is a potential candidate gene in autistic disorder. Hyperserotonemia has been consistently found in a proportion of autistic patients, and the use of selective serotonin reuptake inhibitors (SSRIs) has been effective in treating some symptoms of autism, such as reducing ritualistic behaviors and related aggression (Kim et al. 2002; Ramoz et al. 2006 ). This gene is on chromosome 17q11 and encodes the SERT protein. It is 31 kb long, consists of 14 exons, and codes for 630 amino acid proteins (Bartlett et al. 2005) . Four different polymorphisms of this gene have been reported: (1) a 44-bp insertion/deletion polymorphism in the promoter region, also referred to as 5-HTTLPR; (2) a 380-bp deletion just before the start codon; (3) a 17-bp variable number of tandem repeats in intron 2; and (4) a single nucleotide polymorphism in the 5 untranslated region (Bartlett et al. 2005; Guhathakurta et al. 2006; Murphy et al. 2004 ). The promoter polymorphisms-the long (L), short (S), and small number of rare alleles-of the SERT gene have been extensively studied and are known to modulate its expression.
High levels of platelet serotonin have been consistently found in a proportion of autistic patients and their first-degree relatives (Anderson et al. 2004 ). Furthermore, studies have shown that individuals who are homozygous for the L allele and have such psychiatric disorders as depression or autism show an improvement when treated with SSRI drugs (Pollock et al. 2000; White et al. 2005) . Another study showed an association of the L allele of the 5-HTTLPR gene with shyness (Arbelle et al. 2003) . The S allele on the other hand has been shown to
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be associated with neuroticism-related traits in a psychiatrically healthy population (Gonda et al. 2008) . The S allele is also associated with increased response to emotional stimuli and behaviors such as aggression, anxiety, depression, and suicide. Individuals who had depression and who were homozygous for the L allele had a better response when treated with SSRIs. Individuals with the S allele showed no improvement or their condition worsened when treated with the drugs (White et al. 2005) . It is therefore vital to determine an individual's genotype before SSRIs are prescribed to patients.
Studies performed on various autistic populations, such as French, Israeli, Japanese, Koreans, and Indians, found different L and S allele frequencies in these groups (Guhathakurta et al. 2006; Koishi et al. 2006; Tordjman et al. 2001; Yirmiya et al. 2001) . A French study of autistic individuals found a high L allele frequency (61%), the Israeli individuals had equal S and L allele frequencies, and the autistic Japanese, Korean, and Indian individuals had a much higher S allele frequency (74%, 71%, and 63%, respectively).
The allele frequency in the South African autistic population for 5-HTTLPR polymorphism has never been estimated. In addition, the South African autistic population includes a number of different ethnic groups. In an earlier investigation we identified the allele and genotype frequencies of 5-HTTLPR promoter polymorphism in healthy individuals of various ethnic population groups residing in South Africa. A comparison of the genotype distribution of 5-HTTLPR among South African population groups showed no significant differences between the African and mixed population, possibly because both are of African descent or origin. However, the L allele frequencies for the mixed and African groups were higher compared to the frequency for Caucasians (Esau et al. 2008) . In the present study, we estimated the genotype and allele frequency distributions of the promoter region of the 5-HTTLPR gene in different ethnic populations in the South African autistic population and compared them to the healthy South African population from our previous paper. In addition, we compared the allele frequencies of the South African autistic population to other autistic population groups from other parts of the world.
Materials and Methods

Ethical Clearance.
Before undertaking the study, we obtained ethical clearance from the University of the Western Cape Ethics Committee and the Western Cape Education Department. We also obtained consent from principals of schools and parents to allow the collection and genetic analysis of DNA samples, in accordance with the Declaration of Helsinki.
Study Group. The present study group is composed of 40 (93% male, 7% female) South African autistic Caucasians, 21 (71% male, 29% female) South African autistic Africans, and 48 (92% male, 8% female) South African autistic "Colored"/mixed individuals. The aim of this study was to estimate and compare the allele distribution of 5-HTTLPR in the present study group to that of healthy South African children studied earlier by Esau et al. (2008) . The earlier study group consisted of 342 healthy South African individuals (96 Caucasians, 68 Africans, and 178 "Colored"/mixed).
Sample Collection. Samples were collected from autistic individuals from Cape Town and Gauteng Province (South Africa), and control samples were collected from healthy schoolchildren from primary and high schools in Cape Town. The autistic individuals were selected on the basis of the Junior South African Intelligence Scale (JSAIS) and Senior South African Intelligence Scale (SSAIS) tests, the Griffith Mental Development Scale, and the Bender Visual Test performed by psychiatrists in the respective schools. The clinical data were obtained from school records. Individuals participating in the study were swabbed by taking a sterile swab (Puritan Sterile Polyester Tip Applicators, Manta Forensics, Gauteng, South Africa) and rubbing it against the inside of the subject's cheek for 1 min and placing it into a labeled sterile 15-ml Falcon tube (Boeco, Hamburg, Germany). This was done for both cheeks.
DNA Extraction. DNA was extracted from the swabs using the BuccalAmp DNA Extraction Kit (Epicentre, Madison, Wisconsin) according to the manufacturer's suggestion. This solution was then stored at 4°C, and the stock was stored at -20°C.
Genotyping.
The genotype of the individuals participating in the study was obtained by using the primers designed by Klauck et al. (1997) . The sequences of the forward and reverse primers were 5 -GGCGTTGCCGCTCTGAATGC-3 and 5 -GAGGGACTGAGCTGGACAACCAC-3 , respectively; the primers were purchased from Inqaba Biotech (Pretoria, South Africa). The PCR reaction contained the following reagents: 3 pM forward primer, 3 pM reverse primer, 1× PCR buffer, 100 μM dNTPs, 1.5 mM MgCl 2 , 1 U BioTaq, 100 ng DNA, and deionized autoclaved water in a final volume of 25 μl. The PCR conditions were as follows: an initial denaturation for 5 min at 95°C; 35 cycles at 95°C for 30 s, 63°C for 30 s, and 72°C for 1 min; and a final extension at 72°C for 10 min. These were the same conditions used in our previous study (Esau et al. 2008 ).
Gel Electrophoresis.
Ten milliliters of PCR product was mixed with 2 μl loading dye (Fermentas O'GeneRuler 6× Orange Loading Dye) and loaded alongside a 100-bp DNA ladder (Fermentas O'GeneRuler DNA Ladder Mix) on the gel. The PCR products of the samples were electrophoresed on a 1.2% agarose gel at a voltage of 70 V for 1.5 hr.
Statistical Analysis.
Hardy-Weinberg equilibrium was tested separately in the different groups (healthy control and autistic individuals, stratified by ethnicity) using an exact test (Wigginton et al. 2005) . Logistic regression models were used to compare subjects with autism to healthy control subjects, with respect to both genotype and allele frequency distributions, known as tests of association, stratified by ethnicity. We also assessed the genotype-autism association in the combined group, adjusted for ethnicity. P values and odds ratios with 95% confidence intervals are reported from these models. Fisher's exact test was used to compare allelic distributions from published studies of variants of 5-HTTLPR in different autistic populations with the combined South African autistic group.
Results
The genotype frequencies of the healthy control groups were in HardyWeinberg equilibrium for all three ethnic groups, but the genotype distributions of the autistic patients deviated significantly from Hardy-Weinberg equilibrium in all three ethnic groups (results not shown). We observed four different genotypes in the South African autistic samples: *L/*L, *L/*S, *S/*S, and *L/*XL. The extra-long (XL) allele has an additional 44-bp insertion. Only two individuals with the *L/*XL genotype were observed, and they were in the autistic Caucasian population. The *L/*XL genotype was not included in the analyses because of its low observed frequencies and its absence in other populations. The *L/*L, *L/*S, and *S/*S genotypes are the most commonly occurring genotypes in any given population.
The genotype frequency distributions differed highly significantly between the autistic and control subjects in all three ethnic groups as well as in the combined South African group after adjusting for ethnicity ( p < 0.0001 for all comparisons). The pattern of genotype associations was that the estimated odds of autism was not significant at all for *L/*S heterozygotes, but for *S/*S homozygotes the odds of autism was highly significant compared to the *L/*L homozygotes (Table 1 ). This indicates that the effect of the S allele could be dominant and not additive. The allele distributions were significantly different in the African and mixed groups but not in the Caucasian group (Table 1) . This is further evidence that the effect is dominant, not additive allelic.
The South African autistic population showed highly significant differences in allele frequency distributions to some of the published populations, namely, Japanese, Korean, and Indian groups ( p < 0.0001) ( Table 2 ). All three Asian populations had more S alleles than L alleles. The difference in allele frequency distribution was not significant for any of the French, German, Israeli, Portuguese, and American groups, all having more L than S alleles, similar to our findings.
Discussion
In the present investigation we aimed to identify and compare the allele and genotype frequencies of the 5-HTTLPR promoter polymorphism. We detected a (52) 20 (18) 33 (30) <0.0001
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Control 178 132 (74) 41 (23) 5 (3) 305 (86) 51 (14) OR ( (Table 1 ). In the South African African population the *S/*S genotype increased the odds of developing autism more than 10,000-fold; in the South African mixed group, the odds increased 10.15-fold, and in the South African Caucasian group, 2.74-fold (see Table 1 ). A number of other studies have shown conflicting evidence regarding the preferential inheritance of the S and L variants of 5-HTTLPR in individuals affected with autism. In general, the L allele is predominant in all the South African autistic and healthy populations (see Table 2 ) (Esau et al. 2008 ). Our investigation is limited to individuals affected with autism, and their parents were not included in the study. Therefore we cannot comment on the preferential transmission of alleles in the South African group. But there are studies in the literature that address this issue. A preferential inheritance of the L variant of 5-HTTLPR in affected individuals was observed in French, German, Israeli, Portuguese, and American autistic populations (Table 2) (Coutinho et al. 2004; Klauck et al. 1997; Tordjman et al. 2001; Yirmiya et al. 2001; Zhong et al. 1999) . However, Cook et al. (1997) , using a transmission disequilibrium test (TDT), reported that the S variant of 5-HTTLPR was preferentially transmitted from parents to autistic children. A similar finding was observed in a Japanese, Korean, and Indian autistic study (Table 2) . Another study on an Irish autistic population showed that there is preferential transmission of the S allele in all 84 families that were genotyped (Conroy et al. 2004) . Another research group found that neither the L nor the S variant of 5-HTTLPR was preferentially inherited by individuals affected with autism (Table 2) (Betancur et al. 2002) .
Studies show that the SERT variants play a role in the behavioral expression of autism. Tordjman et al. (2001) observed greater S allele transmissions in severely impaired individuals and greater L allele transmission in moderately impaired individuals. The data obtained by Tordjman's et al. (2001) suggest that the L and S alleles of the 5-HTTLPR gene by themselves do not convey risk for autism but rather modify the severity of autistic behaviors. In another study, Arbelle et al. (2003) observed a significant association between the L allele of the 5-HTTLPR polymorphism and shyness in schoolchildren. A more recent study has shown an association of the S allele of the 5-HTTLPR gene with neuroticism-related traits and temperaments in a psychiatrically healthy population (Gonda et al. 2008) . 5-HTTLPR polymorphism has been shown to influence the cerebral cortical gray matter volumes in 44 male children (2-4 years old) with autism. The S allele was linked with increasing gray matter volume (Wassink et al. 2007 ). The genotypespecific phenotypes for 5-HTTLPR have also been linked to the variation in specific symptoms in individuals with autism (Brune et al. 2006 ). In one report based on Sardinian children, 5-HTTLPR polymorphism was not linked with autistic spectrum disorders (Guerini et al. 2006) . Similar results were observed in Indian autistic individuals, where no association with 5-HTTLPR was found based on case-control studies and family-based approaches (Guhathakurta et al. 2006 ). The selective transmission of both L and S alleles has been observed in family studies related to autism (Devlin et al. 2005 ) and certainly warrants further investigation in different ethnic groups and populations. From these findings, it does appear that SERT variants play a role in the modification of behavioral expression of individuals affected with autism. Therefore, in future assessments of individuals affected with autism, it seems reasonable to determine the 5-HTTLPR genotype of an affected individual in conjunction with his or her behavior patterns.
In conclusion, this is the first South African study that focused on identifying the frequency of alleles of the 5-HTTLPR polymorphism in an autistic population. The *S/*S genotype was found to be highly significantly associated with all the South African autistic ethnic populations. The association of the S allele was significantly associated in the South African autistic mixed group and the total South African autistic group, and therefore SSRI drugs should be prescribed only to South African autistic individuals if they are homozygous for the L variant because individuals with the S allele showed no improvement or their condition worsened when treated with these drugs (White et al. 2005) . A future study would be to perform family studies of the South African autistic families to investigate the transmission of the L or S allele in the family situation.
